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(54) POLYLACTIC ACID COMPOSITION AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polylactic acid composition which has improved in melting 
properties, mechanical properties, shock proof properties, the appearance of a molding and the like. 
SOLUTION: The polylactic acid composition is prepared by mixing a polylactic acid (A) with a thermoplastic 
elastomer containing an ethylene- propylene-diene rubber (ERDM) as a rubber component. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A polylactic acid system constituent, wherein thermoplastic elastomer (B) which contains ethylene 
propylene diene rubber (EPDM) as a rubber composition is mixed with polylactic acid (A). 
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[Claim 2]Polylactic acid (A) and the polylactic acid system constituent according to claim 1 in which 
thermoplastic elastomer (B) which contains ethylene propylene diene rubber (EPDM) as a rubber 
composition is characterized by independent respectively and having the structure of cross linkage mutually. 
[Claim 3]Polylactic acid (A), the polylactic acid system constituent according to claim 1 or 2, wherein 
melting mixing of thermoplastic elastomer (B) containing ethylene propylene diene rubber (EPDM) and the 
radical reaction initiator (C) is carried out. 

[Claim 4]The polylactic acid system constituent according to claim 2 in which a radical reaction initiator (C) 

is characterized by 0.01 - 5.0 ******** rare ****** to a total amount (A+B) of resin to mix. 

[Claim 5]The polylactic acid system constituent according to claim 1 to 4, wherein the mixture ratio of 

polylactic acid (A) and thermoplastic elastomer (B) is 99 / 1 - 50/50 in a weight ratio of (A)/(B). 

[Claim 6]The polylactic acid system constituent according to claim 3 to 5, wherein a radical reaction 

initiator (C) is what consists of one chosen from peroxides, or two or more. 

[Claim 7]A manufacturing method of a polylactic acid system constituent carrying out melting mixing of 
polylactic acid (A), thermoplastic elastomer (B), and the radical reaction initiator (C) on 100-250 ** 
conditions under a nitrogen atmosphere. 

[Claim 8]A film which consists of the constituent according to claim 1 to 6, a sheet, a cover paper, a blow 
molding object, an injection-molding object, an extrusion-molding object, textiles (multifilament, 
monofilament) or a nonwoven fabric, a packing material. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The moldability of this invention which mainly consists of polylactic acid and specific 
thermoplastic elastomer is good, and it is related with a polylactic acid system constituent excellent in 
intensity and shock resistance, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]In recent years, the mold goods which consist of biodegradable resin 
disassembled in natural environment are called for from the standpoint of natural environment protection, 
and research by natural decomposition nature resin, such as aliphatic polyester, is done actively. There is 
polylactic acid as one of them. The melting point of polylactic acid is comparatively as high as 150-180 **, 
and since it moreover excels in transparency, it is expected as a charge of molding material. However, while 
intensity is high because of the upright molecular structure, polylactic acid is inferior to shock resistance, 
and has the fault that it is weak. 

[0003]Although aliphatic polyester other than polylactic acid is generally excellent in pliability and shock 
resistance, compared with polylactic acid, since crystallinity is also high, the melting point of 60-1 10 ** and 
its glass transition temperature are also low opaque at below a room temperature, and its intensity is also 
low. Thus, if any biodegradable resin marketed now is independent, it has a fault, respectively, and the actual 
condition is that mold goods excellent in the balance of a mechanical characteristic are not obtained, and 
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improvement is desired. 

[0004]in Patent Gazette No. 2725870, shock resistance is improvable by mixing segmentation polyester, 
crude rubber, and a styrene butadiene copolymer to polylactic acid, although indicated, Generally, these 
materials and polylactic acid have bad compatibility, and as for shock resistance, when it is easy to generate 
the blend nonuniformity of what is improved and is made into a product, it is not only inferior to appearance, 
but a mechanical strength is not stabilized. In order to have obtained the more outstanding shock resistance, 
the modifier addition needed to be increased. 
[0005] 

[Problem(s) to be Solved by the Invention]The purpose of this invention is to blend specific thermoplastic 
elastomer to polylactic acid, and to compatibilityHze it, and there is in providing the polylactic acid system 
constituent in which the melting characteristic, a mechanical characteristic, shock resistance, formed 
product appearance, etc. have been improved. 

[Means for Solving the Problem]This invention persons found out using polylactic acid and specific 
thermoplastic elastomer as the main raw material, being compatibility-izing by making a polymer comrade 
react with a peroxide further, having the mechanical characteristic which stabilized and was excellent, and 
excelling also in surface nature wholeheartedly, as a result of examination. That is, this invention relates to 
a constituent mixing with polylactic acid (A) thermoplastic elastomer (B) which contains ethylene propylene 
diene rubber (EPDM) as a rubber composition. This invention relates to a polylactic acid system constituent 
which was excellent in rigidity, toughness, and heat resistance which carried out melting mixing of 
thermoplastic elastomer (B) containing polylactic acid (A) and EPDM and the radical reaction initiator (C) 
under a nitrogen atmosphere, and was excellent in transparency, and a manufacturing method for the same. 
Furthermore, this invention relates to various mold goods obtained from the constituent. 
[0006] 

[Embodiment of the Invention]In this invention, polylactic acid (A) is polymer which comprises only a 
monomeric unit of LHactic acid and/or DHactic acid origin substantially. A "real target" means here being a 
range which does not spoil the effect of this invention and not originating in LHactic acid or D-lactic acid, 
and that other monomeric units may be included. 

[0007]As a manufacturing method of polylactic acid (A), known arbitrary polymerization methods are 
employable. Being known most typically may carry out the condensation polymerization of the lactic acid 
directly, although it is the method (the lactide method) of carrying out ring opening polymerization of the 
lactide which is an anhydrous cyclic dimer of lactic acid. As a molecular weight, it is weight average 
molecular weight and the range of 50, 000-300,000 is preferred. If less than this range, when it will not be 
revealed enough and a mechanical physical property etc. will exceed, it is inferior to processability. 
[0008]When polylactic acid (A) consists only of a monomeric unit originating in LHactic acid and/or DHactic 
acid, a polymer has a high-melting point by cry stall inity. And since crystallinity and the melting point can be 
adjusted free by changing the ratio (it is called a L/D ratio for short) of the monomeric unit of LHactic acid 
and D-lactic acid origin, it is possible to control the practical use characteristic according to a use. 
[0009]not being limited in this invention, as thermoplastic elastomer (B) which contains ethylene propylene 
diene rubber (EPDM) as a rubber composition, especially if EPDM is included as a rubber composition — 
two or more of other ingredients — a blend — and/or, copolymerization may be carried out. For example, 
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what carried out copolymerization of an acrylic, styrene, and the EPDM is marketed as the UCL modifier 
resin E500N by Ube sycon incorporated company, and E700N. 

[0010]The shock resistance of the cast obtained is excellent so that there are many rubber compositions in 
thermoplastic elastomer, but the compatibility with opposite side polylactic acid tends to worsen. In order to 
obtain the outstanding shock resistance, it is preferred that at least 50% of the weight of EPDM is contained. 
[001 1]when compatibility with polylactic acid (A) is considered, the acrylic component which lactic acid and 
structure resemble is introduced into structure — good — better — a stake. In order to acquire the 
especially outstanding compatibility, it is preferred that at least 10% of the weight of the acrylic is contained. 
When adding the peroxide mentioned later, the appearance of the cast obtained by becoming easier to follow 
a compatibilityHzed reaction by the occurring reactant double bond being introduced into structure is also 
excellent. 

[0012]As for the mixture ratio of the thermoplastic elastomer (B) containing the polylactic acid (A) and 
EPDM of a polylactic acid system constituent of this invention, it is preferred that it is 99 / 1 - 50/50 in the 
weight ratio of (A)/(B). If more than 99 % of the weight, a shock-proof improvement is difficult, and polylactic 
acid (A) is not preferred from a viewpoint of the high rigidity which is the feature of polylactic acid not only 
being spoiled but biodegradability, if less than 50 % of the weight. 

[0013]If independent respectively and/or it has the structure of cross linkage mutually, melt tension will be 
improved, and it excels in molding workability, and a material suitable for especially extrusion molding and 
blow molding is obtained for the thermoplastic elastomer (B) containing the polylactic acid (A) and EPDM of 
a polylactic acid composition of this invention. By having the structure of cross linkage in especially mutual, 
the dispersibility of thermoplastic elastomer improves more and the surface state of mold goods is improved. 
[0014]It is not limited especially although the radical reaction initiator (C) as used in this invention means 
radical generators, such as a peroxide. As a radical reaction initiator, it is possible not only an oil-soluble 
initiator but to use the water-soluble initiator used for emulsion polymerization. As an example of an 
oil-soluble initiator, t-butyl hydro-peroxide, potassium persulfate, ammonium persulfate, an azobis 
cyanovaleric acid, azobisisobutyronitrile, etc. are mentioned. It can use as what is called a redox system 
catalyst that consists of combination of these radical reaction initiators, and sulfite salt and sulfoxylate. As 
organic peroxide, for example, ketone peroxide, hydro-peroxide, diacyl peroxide, dialkyl peroxide, peroxy 
ketals, alkyl perester, and par carbonate are mentioned. Various characteristics, such as 10 hour half life 
period temperature and existence of the amount of active oxygen and the free water acid radical, are judged 
especially synthetically, and dialkyl peroxide is good. 

[0015]By mixing these radical reaction initiators (C), crosslinking reaction occurs and compatibility-izes 
polylactic acid (A) and thermoplastic elastomer (B) selectively. 

[0016]As an addition of a radical reaction initiator (C), 0.01 - 5.0 ******** rare **** is preferred to the 
total amount (A+B) of the resin to mix. Compatibility-izing of the resin mixed becomes insufficient [ 0.01 or 
less weight sections 1 and desired physical properties are not acquired. Generating of gel not only takes 
place by a local graftHzed reaction, but in 5.0 or more weight sections, it brings a result also inferior to 
processability. 

[0017]The manufacturing method of the polylactic acid system constituent of this invention is explained. 
First, although in particular thermoplastic elastomer (B), and the mixing method or the mixed device of a 
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radical reaction initiator (C) containing polylactic acid (A) and EPDM are not limited, what can be processed 
continuously is industrially advantageous and preferred. For example, polylactic acid (A), thermoplastic 
elastomer (B), and a radical reaction initiator (C) may be mixed with a predetermined ratio, it supplies in the 
hopper of a making machine as it is, melting may be carried out, and it may fabricate promptly. After carrying 
out melting mixing of each ingredient, it may once pelletize and melt molding may be carried out if needed 
after that. Fusing polymer with an extrusion machine etc. to according to, respectively, and feeding a radical 
reaction initiator (C) in a constant rate similarly, with a predetermined ratio, it may mix with a stationary 
mixer and/or a mechanical agitation device, may fabricate promptly, and may once pelletize with it. Mixing 
by mechanical agitation, such as an extrusion machine, and a stationary mixer may be combined. In order to 
make it mix uniformly, the method of once pelletizing is preferred. Although suitably chosen as melting 
extrusion temperature in consideration of the melting point and the mixing ratio of resin to be used, it is 
usually the range of 100-250 **. It is desirable to choose from the range of 120-220 ** preferably. It is 
preferred that it is less than 20 minutes as reaction melting time, and it is less than 10 minutes more 
preferably. When thermoplastic elastomer (B) consists of two or more ingredients, it is also possible only for 
thermoplastic elastomer (B) to use beforehand what carried out melting mixing, or to carry out in the 
above-mentioned mixing process at the period. 

[001 8] Although not limited especially as the addition method of a radical reaction initiator (C), may carry out 
melting mixing of what mixed three ingredients beforehand as mentioned above, and if it is a liquefied 
substance, It may be dropped at the place in which polylactic acid (A) and thermoplastic elastomer (B) are 
carrying out melting mixing using high feed pumps of fixed-quantity nature, such as a plunger type pump and 
a tub pump. Since use a fixed quantity of sexual low pumps, or a radical reaction advances in localization 
when a feed amount is stabilized and is not supplied, a decomposition reaction occurs or problems, such as 
generation of micro gel, are produced, it is not desirable. As for the temperature in the point which adds a 
radical reaction initiator, since it is possible that a radical reaction initiator (C) decomposes, it is desirable 
that it is at least 200 ** or less. Preferably, it is desirable that it is temperature with 10 hour half life period 
temperature of +50 ** or less of the radical reaction initiator (C). 

[001 9]As for the inside of an extrusion machine, in order to control decomposition by coloring of material or 
oxidation reaction, it is more preferred to flow and to make nitrogen mix and react under a nitrogen 
atmosphere. 

[0020]The polymer mixed by the above-mentioned method is supplied to the hopper of the usual making 
machine, and the cast of this invention is easily obtained by performing shaping after melting. Although all 
the mold goods which can be fabricated with the usual making machine are pointed out as a cast of this 
invention, it is suitable for a film, a sheet, a cover paper, a blow molding object, an injection-molding object, 
an extrusion-molding object, textiles (multifilament, monofilament) or the nonwoven fabric, the packing 
material, etc. 

[0021] At the time of melting mixing or shaping, the polylactic acid system constituent by this invention adds 
a secondary additive agent, and various refining is also possible for it. As an example of a secondary additive 
agent, the similar thing of others, such as stabilizer, an antioxidant, an ultraviolet ray absorbent, paints, 
colorant, various fillers, antistat, a release agent, a plasticizer, perfume, an antimicrobial agent, and a 
nucleation agent, is mentioned. 
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[0022] 

[Example]An example and a comparative example are given to below, and this invention is explained more 
concretely. In this invention and the following examples, and a comparative example, the weight average 
molecular weight (Mw) of a polymer is a polystyrene reduced property by GPC analysis. The specimen was 
created by injection molding and it examined according to the Izod shock test method of the tensile test by 
JIS-K71 13, and JIS-K71 10 rigid plastic. Compatibility created the business-card large plate of 1mmt by 
injection molding, carried out visual evaluation of the appearance, and judged the existence of blend 
nonuniformity. In this example, it experimented using the polylactic acid, the thermoplastic elastomer, and 
the radical reaction initiator which are shown below. 

[0023]<Polylactic acid (P1)> polylactic acid Shimadzu make Lacty #5000 weight average molecular weight 
200,000 <thermoplastic elastomer (P2)> AES resin (acrylic EPDM-styrene copolymer) 
Product made from the Ube sycon The UCL modifier resin E700N <radical reaction initiator (01)> organic 
peroxide (2,5-dimethy|- 2,5-JI (t-butylperoxy) hexane) 

Kayaku AKZO make Kaya hexa AD40C calcium carbonate support article [0024](Example 1) Ten weight 
sections are mixed [ P1 ] with 90 weight sections for P2 by a locking mixer, The polylactic acid system 
constituent chip (PC1) was obtained by supplying a fixed quantity to the 200 ** 30-mm said direction biaxial 
extrusion machine continuously under a nitrogen atmosphere using a feeder (mean-residence-time 5 
minutes), extruding by a nozzle 2 mm in diameter, water-cooling, and cutting. After carrying out vacuum 
drying of the chip PC1 at 80 ** for 8 hours and making it an absolute dry condition, the 
various-physical-properties specimen was obtained by injection molding. Then, various evaluations were 
performed using the obtained specimen. 

[0025](Example 2) Mix P2 with 90 weight sections by ten weight sections, and 0.2 weight sections are mixed 
[ P1 ] for 01 by a locking mixer, The polylactic acid system constituent chip (PC2) was obtained by 
supplying a fixed quantity to the 200 ** 30-mm said direction biaxial extrusion machine continuously under 
a nitrogen atmosphere using a feeder (mean-residence-time 5 minutes), extruding by a nozzle 2 mm in 
diameter, water^cooling, and cutting. After carrying out vacuum drying of the chip PC2 at 80 ** for 8 hours 
and making it an absolute dry condition, the various-physical-properties specimen was obtained by injection 
molding. Then, various evaluations were performed using the obtained specimen. 

[0026](Examples 3-4) The mixture ratio of each polymer and an additive agent was carried out as shown in 
the next table 1, and it was carried out like Examples 1 and 2. 

[0027](Comparative example 1) After carrying out vacuum drying of P1 at 80 ** for 8 hours and making it an 
absolute dry condition, the various-physical-properties specimen was obtained by injection molding. Then, 
various evaluations were performed using the obtained specimen. 

[0028]The result of Examples 1-4 and the comparative example 1 is shown in Table 1. 
[Table 1] 



6 



JP 2002 037987 





D t 

rl 


13 0 

rl 


Ul 




~zl 1 tit?" 

(GPa) 




7 -TV y 

1 

h 

(kJ/m*) 


§ IS s¥ 
ipn 


mmwi 


90 


10 




60.3 


2. 50 


10. 6 


9. 50 


o 




90 


10 


0. 2 


59. 2 


2. 43 


10.4 


8.37 


© 


mmm3 


95 


5 




65. 5 


3. 08 


5. 2 


4.72 


© 




95 


5 


0. 1 


65.2 


3. 01 


6.0 


4.35 


© 


It&W 1 


100 






69.4 


4.08 


4. 0 


2.50 





ffl^tt (^-e-tftSg) BSifHilli © • • • M. O • • • A • - - 
[0029] 

[Effect of the Invention]The resin composition which consists of thermoplastic elastomer concerning this 
invention which contains ethylene propylene diene rubber (EPDM) mainly as polylactic acid and a rubber 
composition, Excel in mobility and a moldability and An injection-molded product, an extrusion-molding 
article, vacuum pressure sky mold goods, It is suitable to obtain the mold goods of a blow molded article, 
textiles, multifilament, a monofilament, a rope, textiles, knitting, a nonwoven fabric, a film, a sheet, a 
lamination, a container, foam, several kinds of parts, and others, and the mold goods obtained have a 
sufficient mechanical strength and heat resistance. 

[Translation done.] 
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